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Estimation of Calcium in Ash of Forage Plants 
and Animal Carcasses 
By S. B. Kuzirian. 
One of the most abundant and important mineral constituents 
of nearly all agricultural products of both animal and vegetable 
origin is the element calcium. When such products are ignited, 
the entire content of calcium remains in the ash, either in the 
form of oxide or combined with an acid radical, such as phos-
phate or sulfate. An accurate method for the estimation of cal-
cium is of prime importance in studying the relationship be-
tween the growing plant or animal on the one hand, and the soil 
or food supply on the other. The separation and subsequent esti-
mation of calcium would be comparatively simple were it nat for 
the fact that the ash of above mentioned origin invariahl? con-
tains, besides calcium, other common constituents, notably phos-
phoric acid, whose interference during the ordinary course of 
analytical procedure is so well known as to require no comment. 
Having had occasion in the laboratory of the Iowa Agricul-
tural Experiment Station to make a large number of calcium 
determinations in samples of forage crops and animal carcasses, 
the disadvantages and inconveniences of the existing methods 
soon became apparent. In the course of these analyses the meth-
od described in the subsequent pages of this paper suggested it-
self and, after being subjected to critical tests and comparisons 
with the method in common use, it was found to be superior both 
in regard to accuracy and convenience. 
Before entering upon the discussion of the proposed method 
for determining calcium in the presence of phosphorus, a brief 
survey of the literature will be given. 
HISTORICAL 
Thompson and Morgan' attempt the precipitation of calcium 
as oxalate in the Plesence of a large excess of phosphoric acid in 
acetic acid solution. Although they quote two excellent results 
tending to prove the feasibility of this method, it is well known 
that acetic acid can not be depended upon to check the precipita·· 
tion of calcium phosphate quantitatively; particularly in the 
presence of alkali acetates2 the acidity of acetic acid is dimin-
ished to such an extent as to be altogether unreliable". McCrud-
1 J. Ind. Eng. Chem. 3, 398. 
2 Some ammonium acetate will be formed during the interaction in this casco 
S The writer while decolorizing some cystin with animal charcoal in hydro-
chloric acid solution in this laboratory. found a large contamination or 
calcium phosphate when cystin was precipiated by adding sodium ace-
tate to a strongly" hydrochloric acid solution. Evidently the acidity (" 
acetic acid formed during· the interaction was diminished to such an 
extent that considerable calcium phosphate was lhrown out. 
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den's methou4 of estimating the. calcium in the presence of phos-
phates and magnesium is likewise based upon the insolubIlity of 
calcium oxalate in acetic acid solution, but is rather complicated 
and tedious, requiring too many elaborate precautions and pro-
longed time for execution to be of much value as a routine 
method. 
Various methods have been proposed for the removal of the 
phosphoric acid prior to the precipitation of the calcium. Among 
thesc the following may be mentioned: 
As rnerCUr01[S phosphate5 : This is rather a long and tedious 
process. The chief objection is the fact that the operation must 
be carried out in a porcelain dish which is itself a source of con-
tamination with further interfering material. The method iR, 
therefore, not suited for quantitative work. 
As stannic phosphate6 : This is entirely too long ar, operation, 
requiring hours of continuous digestion and too many filtrations 
and evaporations to be applicable to ordinary quantitative work. 
Another objectionable point in this method is the use of a very 
large excess of tin, the slight impurities of which may be a 
source of considerable error. 
As bis11wOu:c p7wsphate7 : This method was proposed by Chan-
cel and modified by Birnbaum and Chojnaki8 • It is not appli-
cable in the presence of sulfuric or hydrochloric acid. Nor can it 
lay claim to rapidity or accuracy9. 
As silvC1' phosphate lO : 'Phis procedure consists in dissolving 
the ash in a slight excess of nitric acid with subsequent addition 
of silver nitrate and finally silver carbonate, under which condi-
tions phosphoric acid is completely separated as silver phosphate. 
From the filtrate the excess of silver is removed by hydrochloric 
acid. The ferric iron and aluminum are precipitated along with 
silver phosphate as hydroxides. This is an expensive operation 
and is, moreover, inapplicable in the presence of large amounts. 
of alkalies, in which case some calcium might be thrown out dur-
ing the interaction as carbonate. 
As ammoni10n phospho-molybdate: After removal of the phos-
phoric acid by this method, excess of molybdenum is thrown 
down as sulfide under specific conditions. The merits of this 
method will be discussed later in this bulletin. 
4 J. BioI. Chern. 10, 187. 
5 Poggendorf's Annalern. 76, 218 . H. nose. 
6 Ann. XCVIII, 330. W. Reissig. 
7 Cornpt. rend. 50: 416. Chern. Zentr. 1860: 272. 
8 Z. anal. Chern. 9: 203. 
9 Fresenius' Quant. Chern. Anal. 1: 451. 
10 Fresenius' Quant. Chern. Anal. 1: 458. 
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B..ASlC ACETATE METHOD 
The basic acetate method is the one which has come into most 
common use, having been adopted as official by the Association 
of Official Agricultural Chemists. The directions published ill 
the" Official Methods " (Bur. Chem. Bull. 107; 22 revised ), are 
however, anything but explicit and leave room for much uncer-
tainty regarding some really important details. F'or instalLce, 
no mention is made of the proper dilution and acidity of the so-
lutions. Moreover, the sodium acetate is assumed to be exactly 
neutral, whereas it is usually alkaline or acidic. In the former 
case it may tend to neutralize the slight acidity of the solution 
causing a precipitation of hydroxides. In the latter case the 
dcidity of the solution is mmecessarily increased, tending to r ,"-
tard the hydrolysis of the acetates, thereby yielding a colored 
filtrate which indicates an incomplete precipitation of iron. 
More satisfactory results are obtained by following the method 
of Mittaschll . The writer, however , has obtained excellent re-
~mlts by following the directions given in the text of Gooch and 
Hl"Owning 's Quali.tative Analysis12 • In brief, the solution is 
nearly neutralized with ammonium hydroxide and the neutraliza-
tion completed by adding ammonium carbonate to incipient pre-
cipitation. If the precipitate is not red in color it is dissolved in 
dilute hydrochloric acid and more ferric chloride added until 
the red ferric hydroxide comes down on the addition of ammon-
ium carbonate. This precipitate is then dissolved in the least 
possible amount of hydrochloric acid and a previously neutral-
ized solution of ammonium acetate (crll-responding to 2 or J 
grams of the solid) is added. It is diluted to about 400 cc. and 
boiled. The solution is filtered hot and waslled with hot water. 
It is alw ays safe to redissolve the precipitated basic acetates with 
hydrochloric acid and repeat the operation to remove traces of 
manganese, calcium and magnesium which may have been carried 
down. 
MERITS OF BASIC ACETATE METHOD 
The conditions to be observed with this method are of such a 
nature that it is difficult to get concordant results in determina-
tions of manganese, calcium, magnesium and the alkalies, neces-
sitating a repetition of the process and sometimes an arbitrary 
choice of the particular set of experiments that agree with each 
other. 
Some of the difficulties of the basic acetate method, acrord 1110: 
to the writer 's experience, are the following: 
11 z. anal. C h ern. 42: 508. tnOJ. 
12 Page 44 
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I. It is very difficult to manipulate so that a proper condition 
(jI acidity will be obtained because: (a) The ferric iron present 
somewhat masks the color change of the litmus paper. (b) If 
once a precipitate is obtained by ammonia 01' ammoniulll car-
bonate, it is rather difficult to dissolve in the required amount 
of acid, and when enough acid has been added to dissolve it com-
pletely, the solution is often too acid to proceed with, thus neces-
sitating a tedious operation of careful addition of acid and 
alkali. It is essential that the proper condition of acidity be ob-
tained, because an excess acidity may seriously retard the hydro-
lysis of ferric and aluminum acetates, and an insufficicnt acidity, 
on the other hand, may cause the precipitation of hydroxides in-
stead of the basic acetates of iron and aluminum, both instances 
being Ul1-desirable, of course. (c) After obtaining the requisite 
condition of acidity, sometimes, for lack of time or some othe1' 
reason, if left to stand for a few hours or over night, a partial 
precipitate is obtained which must be redissolved and the condi-
tion of acidity readjusted. 
2. In order to prevent the contamination of some members of 
the groups following, it is desirable to redissolve the basic acetate 
precipitates and repeat the tedious operation. 
3. It is desirable that the basic acetates be filtered hot, and 
because of their gelatinous nature a hot water funnel may some-
times be necessary. 
4. All the above points are more or less secondary to the main 
objection, that considerable dilution (at least 400 cc.) is neces-
sary for the complete hydrolysis of the acetates. So with the 
double operation and washings the final filtrate will amount to 
about one liter. The evaporation of this large volume of the fil-
trate to 50-75 cc. requires a long time. An efficient electric hot 
plate if used only during work hours, will require about twenty-
four hours and if the evaporation is attempted on a water or a 
steam bath, it may require even longer time. In agricultural 
experiment stations, where such analyses are ordinarily carried 
out in series of six to ten at a time, each requiring one or two 
duplicates, the facilities for evaporation are apt to be inadequate. 
l<'urthermore, the evaporation of a large volume of a filtrate con-
taining considerable ammonium salts in a glass vessel might 
easily introduce an crror. That ordinary glass beakers are at-
tacked to such an extent as to cause errors in the estimation of 
calcium is shown by the results in table II. These series of ex-
periments were undertaken to demonstrate the fact. In each 
. case 25 cc. of a carefully standardized calcium nitrate and 10 cc. 
disodium hydrogen phosphate' solution were used and the direc-
tions given on a previous page ',verc strictly followed. Tn order 
l Twice recrystallized. 
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til make sure that all the phosphoric acid introuuceu had beel! 
removed, the basic acetate precipitate ill each case was dissolved 
in nitric acid and the phosphoric acid precipitated as ammonium 
phospho-molybdate and titrated with standard sodium hydroxide 
according to the directions in the Official Methods. The follow-
ing results were obtained : 
TABLE I-RECOVERY OF P,05 BY BASIC ACETATE METHOD. 
No. of the 
Experiment 
2 
2 
.~ 
..!-\verage 
1.>,0, taken 
grams 
0.0207 
0.0207 
0.0207 
0.0207 
0.0207 
0.0207 
0.0207 
0.0207 
0.0207 
P,O, found 
graIns 
0.0207 
0.0207 
0.0208 
0.0204 
0.0200 
0.0204 
0.0203 
0.0205 
0.0205 
Examination of the above results will show that all the phos-
phorus introduced had been removed and no interference should 
be,expected from this source. When, however, the filtrates were 
cvaporated and the estimation of calcium attempted, higher rc-
sults were obtained, as is clearly shown in table II. 
TABLE II-RECOVERY CF CaO AFTER REMOVAL OF P,O, BY BASIC 
ACETATE METHOD. 
No. of the 
exeriment 
CaO taken 
(gramc;: ~ ! -----1- 0.0283 0.0283 
0.0283 
0.0283 
0.0283 
0.0293 
0.0283 
0.0283 i 1 
Ave rage 0.0283 
CaO found 
(grams) 
0.0307 
0.0307 
0.0300 
0.0302 
0.0300 
0.0302 
0.0305 
0.0305 
0.0303 
Error Error 
(gram~:,s~)_-i-_.--;--c':-:%';-;;-_ 
T u.0024 I -I- 8.48 
+ 0.0024 I + 7.42 
+0.0017 I + 6.00 
+ 0.0019 + 6.71 
+ 0.0017 + 6.00 
+ 0.0019 + 6.71 
+ 0.0022 + 7.77 
+ 0.0022 + 7.77 
+ 0.0020 + 7.10 
The values obtained for calcium are uniformly high. The 
large percentage error as shown in column 5 of table II is due 
to the fact that only a small amount of calcium was taken for ex-
perimentation. The average error is only 0.00201 grams. \Vhen 
calculated to a percentage basis, however, the error is too great 
tf) be considered experimental. The reason for conducting the test 
with small amounts is because in most cases the calcium found in 
ash, representing one or two grams of the original air dried 
;;ample, does not exceed 0.0300 grams. Thus, 0.028:~ grams 
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calcium oxide is more or less representative of the amount usual-
ly met with in actual practice. 
A MORE RAPID AND ACCURATE METHOD 
O. lVI. Sheddt, as referee in inorganic plant constituents for the 
A. O. A. C., has shown2 that, after the removal of phosphorus a,; 
ammonium phosphomolybdate, the filtrate when made strongl~' 
ammonical, heated to 100°, and a hot solution of ammonium 
oxalate added, calcium is precipitated as oxalate. This precipi-
tate when dissolved in hydrochloric acid and reprecipitated with 
dilute ammonia, yields satisfactory results. He tried the above 
method upon a solution containing 23 per cent calcium oxide, 
and obtained the following results: 23.14, 23.48, 23.10 and 23 .12. 
An average + error of 0.17 % . 
On testing qualitatively a series of eight results obtained ac-
cording to Shedd's method, all gave indications of the presence 
of molybdenum. The sulfide test was found to be the most satis-
factory, being sensitive to a small fraction of a milligram of this 
metal. In all cases the calcium oxides were dissolved in hydro-
chloric acid, made ammoniacal and colorless ammonium sulfide 
added. After filtering, the solution was acidified with hydro-
chloric acid, whereupon a brownish-black coloration occurred. 
Sometimes a blue coloration resulted on the addition of am-
monium sulfide. This indicates the presence of molybdenum ill 
a reduced condition. Hence the writer of this bulletin has 
arrived at the conclusion that a t reatment with hydro-
chloric acid and reprecipitation with ammonia and an:.-
monium oxalate is not sufficient to remove traces of molybdenum. 
When; however, the follow'ing procedure, which is a slight modi-
fication over the above process, is adopted, cxcellent results are 
obtained. 
The filtrate which is now acid with nitric acid is madc am-
moniacal and an excess of ammonium oxalate added; it is 
brought to boiling (best on an electric hot plate) and kept at 
boiling for thirty minutes, set aside for two hours, and filtered 
through a Gooch crucible3 • The precipitate is ignited to convert 
the oxalates into oxides (preferably in an electric furnace) and 
cooled rather rapidly by allowing to stand in the air. The cru-
1 Bull. Bureau of Chemistry 152: 64 and 65, 1911. 
2 This method h as appeared in the Jour. A. O. A. C. as a tentative method. 
Feb. 15, 1916. Page 31. 
J Asbestos for u se with Good c rucibles was prepared with great care in 
this laboratory. It w as digested first in 30% commercial c h emicall y pure 
nitric acid for about ten days, fi ltered through a Buchner funnel and 
w ash ed with boiling di s till ed water. It was then digested in 10% sodiu m 
hydroxide for another ten days, til tered and w ashed and finally digested 
in 9% hydrochlori c acid for ten days , filtered a nd washed with boiling 
distilled water until the washings gave no t est for chloride with s ilver 
nitrate . 
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cible is held over a clean beaker, the contents carefully moistene(] 
with water, and dilute hydrochloric acid cautiously added. With 
a fine jet of warm distilled water, the contents of the crucible 
together with the asbestos are washed into the beaker. The lat-
er is covered with a watch glass and gently warmed on a water 
bath or hot plate, the solution filtered through ashless paper and 
the asbestos carefully washed with a jet of hot waterl. Some 
ammonium chloride is added and the solution is made ammoni-
acal and boiled for a few minutes until the odor of ammonia 
becomes faint . . The precipitated iron and aluminum are removed 
by filtration, the filtrate heated to boiling and the calcium pre-
cipitated as oxalate. At this stage of the process, calcium is en-
irely free from molybdenum salts. 
No work was undertaken to determine the exact nature of the 
removal of the molybdenum. It is well known, however, that all 
calcium salts are attacked by a boiling solution of ammonium 
oxalate, so it is safe to assume that most of the calcium is con-
verted into the oxalate at the first operation. Traces of molyb-
denum remaining are eliminated during the ignition and solution 
of the calcium in dilute hydrochloric acid. 
The results shown in table III were obtained with solutions of 
ammonium nitrate and 10 cc. of ammonium molybdate reagent 
were added, and the calcium was estimated under the condition., 
specified in the preceding paragraph. 
TABLE III. 
No. of the I CaO taken IAmmonium \ aO found Error 
experim:ent · . (ail Ca(~O.h) molybdate J grams gpams grams . added cc. 
1 
I 
0.0577 II 10 
I 
0.0580 + 0.0003 
2 0.0577 J 10 0.0583 + 0.0006 
\ 
0.0577 10 0.0577 0.0000 
After this preliminary success, further work was undertaken 
upon solutions containing known amounts of calcium and phos-
phorus. The phosphorus was removed in each case as ammonium 
phospho-molybdate according to directions given in the official 
methods2 (Volumetric optional) and titrated to make sure that 
its removal was complete. The filtrate containing the excess of 
ammonium molybdate solution was made ammoniacal, ammOl1-
ium oxalate added, boiled on an electric hot plate for thirty min-
utes, set aside for two hours, filtered through Gooches, ignited 
to break down the oxalates, cooled, redissolved in dilute hydro-
1 When a number of determinations are carried on at the same time, a 
larger fi lter may be used, and a ll of the solution s filtered through it, 
providing each time it is careful ly washed to remove a ll soluble salls . . 
2 Page 4. 
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chloric acid, ammonium chloride and ammonia added and boiled 
until the odor of ammonia was faint. It was then filtered and 
calcium reprecipitated as oxalate under standard conditions. The 
following results were obtained : 
TABLE IV. 
No. of the I P ,O, taken I CaO taken I Ca O found Error 
experiment (as Na,HPO,) ; Ca (NO,h' 
'\ g ram s grams grams grams 
1 0.0207 I 0.0283 I 0.0283 0.0000 2 0.0207 
I 
0.0283 0.0285 + 0.0002 
3 0.0207 0.0283 0.0283 + 0.0000 
4 0.0207 0.0283 0.0283 0.0000 
5 0.0207 
I 
0.0283 0.0283 0.0000 
0.0207 0.0566 0.0566 0.0000 
7 0.0207 0.0283 0.0282 -0.0001 
8 0.0207 0.0283 0.0283 0.0000 
1 25 cc. of the calcium nitrate solution were u sed in each case except )lo. 
6, where 50 cc. were taken. 
2 Calcium nitrate w a s standardized with utmost care by precipitation a s 
oxalate and ignition in the electric furnace as calcium oxide. The re-
sults obtained were 0.0283, 0.0282, 0.0283, 0.0283. 
TABLE V-ANALYSIS OF FORAGE CROPS FOR CALCIUM. 
CaO found in Ca in original sam-
Lab No. of aliquots Diff. 
pie (according to Diff. 
sample grams 
(aliquots) 
% 
No. 1 I No.2 No.1 I No. 2 grams grams % % 
1070 0.0119 0.0116 0.0003 0.595 0.580 I 0.015 1071 0.0098 0.V095 0.0003 0.490 0.475 0.015 
1072 0.0090 0.0095 0.0005 0.450 0.475 0.025 
1073 0.0165 0.0165 0.0000 0.825 0.825 0.000 
1074 0.0100 0.0100 0.0000 0.500 0.500 0.000 
1075 0.0117 0.0120 0.0003 0.585 0.600 0.015 
1076 0.0430 0.0430 0.0000 2.150 2.150 0.000 
1077 0.0435 0.0440 0.0005 2.175 2.200 0.025 
1079 0.0395 0.0390 0.0005 1.975 1.950 0.025 
1080' 0.0405 0.0400 0.0005 2.439 2.409 0.030 
1085 0.0098 0.0088 0.0010 0.490 0.440 0.050 
1086 0.0080 0.0080 0.0000 0.400 0.400 0.000 
1089 0.0495 0.0495 0.0000 2.475 2.475 0.000 
1090 0.0550 0.0545 0.0005 2.750 2.725 0.025 
1091 0.0585 0.0590 0.0005 2.925 2.950 0.025 
1092 0.0340 0.0340 0.0000 1.700 1.700 0.000 
1095 0.0085 0.0080 0.0005 0.425 0.400 0.025 
1096 0.0080 0.0080 0.0000 0.400 0.400 0.000 
1097 0.0112 0.0113 0.0001 0.560 0.565 0.005 
1098 0.0143 0.0145 0.0002 0.715 0.725 0.010 
1100 0.0445 0.0450 0.0005 2.225 2.250 0.025 
1101 0.0475 0.0480 0.0005 2.375 2.40 0.025 
1102 0.0483 0.0478 0.0005 2.415 2.390 0.025 
1103 0.0055 0.0052 0.0003 0.275 0.260 0.015 
1104 0.0400 0.0403 0.0003 2.000 2.015 O.Oln 
1105 0.0080 0.0080 0.0000 0.400 0.400 0.000 
1106 0.0057 0.0054 0.0003 0.285 0.270 0.015 
1063' 0.0055 0.0055 0.0000 0.550 0.550 0.000 
1066' 0.0180 0.0175 0.0005 1.800 1.750 0.050 
1122' 0.0295 0.0295 0.0000 2.950 2.950 0.000 
Note: Except where otherwise noted, a ll the samples in this series weighed 
2.0 grams. 
1 1080 weighed only 1.66 gram. 
2 Samples 1063, 1066 and 1122 weighed only 1.0 gram. 
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It is apparent that the above method is equivalent to the J'e-
moval of phosphorus as ammonium phospho-molybdate from an 
acid solution of the ash, and the use of the filtrate for the deter-
mination of calcium. The ease with which closely agreeing dupli-
cates can be obtained when ash of forage crops is analyzed for 
calcium is shown in table V. Numbers 1 and 2 in each case are 
uuplicates of the same sample. 
The carcasses of some ncwly born pigs were ashed1 after ail' 
drying, dissolved in nitric acid, phosphoric acid precipitated as 
ammonium phospho-molybdate and the filtrate analyzed for cal-
cium in the same way. In table VI are shown some of the re-
sults obtained. 
TABLE VI-ANALYSIS OF PIG CARCASSES FOR CALCIUM. 
CaO found in 
\ 
Ca in original sam-
ple' (according to 
Lab. No. of aliquots Diff. aliquots) Diff. 
sampJe' grams % 
No. 1 I No. 2 \ No. 1 I No. 2 grams grams % % , 
1255 0.0377 0.0377 0.0000 7.54 7.54 0.00 
1~3,) . 0.0372 0.0372 0.0000 7.44 7.44 0.00 
;;ul 0.0370 0.0360 0.0010 7.40 7.20 0.20 
303 0.0413 0.0407 0.0006 8.26 8.14 0.12 
308 0.0408 0.0408 0.0000 8.16 8.16 0.00 
309 0.0348 0.0352 0.0004 6.96 7.04 0.08 
310 0.0345 0.0345 0.0000 6.90 6.90 0.00 
315 0.0352 0.0348 0.0004 7.04 6.96 0.08 
316 
I 
0.0403 0.0405 0.0002 8.06 8.10 0.04 
317 0.0388 0.0382 0.0006 7.76 7.64 0.12 
321 0.0418 0.0420 0.0002 8.36 8.40 0.04 
1 The w e ight of air drI e d sample taken in each case was 0.5 gram. 
REMOVAL OF EXCESS MOLYBDENUM AS SULFIDE FOR COM-
PLETE ASH ANALYSIS. 
'When all of inorganic constituents of plant and animal ash ar~ 
wanted, an excellent way of making a prepared solution ready 
for analysis is to use the filtrate from an ammonium phospho-
molybdate precipitate containing an acid solution of ammonium 
molybdate in excess, after removal of the excess of molybdeum 
as sulfide. Because the precipitation of molybdic sulfide in acid 
solution by hydrogen sulfide is rather slow, and at times incom-
plete, Fresenius 2 suggests that the nitric acid be neutralized by 
ammonia, and ammonium sulfide added in excess. After diges-
tion'8 the precipitate is filtered out and washed with water con-
tai.ning hydrogen sulfide. The precipitate on the filter represents 
the ferric iron group as hydroxides and the nickel and cobalt 
group as sulfides. The filtrate contains together with soluble 
1 A,shing of the pig samples was done in platinum dishes. No calcium ace-
tate or magnesium nitrate was added during ashing as these were founn 
to be unnecessary. 
2 Freseniu,e' Quant. Cnem, Anal. 1 :464. 
3 The digestion is complete when the solution assumes a reddish brown 
color. 
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ammonium sulfo-molybdate, the alkali earth metals as soluble 
sulfides, and the alkalies. When this filtrate is carefully neutral-
ized with hydrochloric acid in moderate excess, molybdenum 1:'; 
thrown down quantitatively as molybdic sulfide, which can he 
filtered out. 
Since nickel, cobalt and zinc may be left out of consideration 
when dealing with ash resulting from ordinary forage crops and 
animal carcasses, this method, with a slight modification, may 
be applied to the analysis of basic ions in ash. This method i-; 
essentially as follows: After digestion with colorless ammonium 
sulfide and warming up to about 35° C., the solution is carefully 
acidificd! with 12 % hydrochloric acid2 , warmed to about 45° C. 
to flocculate the molybdenum sulfide, and filtered through 11 
Schleicher and Schlill filter (blue label). The clear filtrate · tllU ,~ 
obtained is boiled to expel hydrogen sulfide and after anoth8i' 
filtration is ready for basic analysis. The final filtrate in this 
case is rarely over 300 cc. It is not necessary to add ammOnilll!l 
chloride as, usually, there is enough present at this stage. Th,; 
usual basic analysis of ash is now applied to the filtrate. 
1'he fact that a perfect separation and gravimetric estimation 
of iron and aluminum can be effected by the use of this method 
makes it highly commendable . Moreover, if manganese is prr,:-;· 
ent in traces, it may easily be tested for and estimated. 
Some work was undertaken in this laboratory to show the ad-
visability of substituting this method for the separation and estJ-
T ABLE VII-ESTIMATION OF CALCIUM AFTER REMOVAL OF MOLYB -
DENUM AS SULFIDE. 
No. of the CaO taken CaO found Error 
experiment (as Ca(NO.,)2) (grams) (grams gTallls 
1 0.0536 0.0535 --0.0001 
2 0.0536 0.0537 + 0.0001 
3 0.0536 0.0534 -0.0002 
4 0.0536 0.0539 +0.0003 
5 0.0536 0.0540 +0.0004 
6 0.053a 0.0534 - 0.0002 
7 0.0536 0.0540 +0.0004 
8 0.0536 0.0530 -0.0006 
9 0.0536 0.0532 -0.0004 
10 0.0536 0.0532 -0.0004 
11 0.1072 0.1061 -0.0011 
12 0.0524 0.0525 + 0.0001 
13 0.052 4 0.0520 -0. 0004 
14 0.0524 0.0522 -0.0002 
15 0.0524 0.0523 -0. 0001 
16 0.0524 0.0522 -0.0002 
17 0.0;;2·1 0.0522 -0.0002 
18 0.0521 0.0520 -0.0004 
19 0.052·\ 0.0515 -0.0009 
20 0.0524 0.0521 -0.0003 
1 Care s h o uld be taken to sh ake the beaker well after each addition of thil 
acid and make s ure that the solution is distinctly acid to litmu s. 
2 " T.hile the use of con centrate d acid helps to keep the volume of the filtrate 
s maller. the precipitation of sulfur under these conditions maks its . u ~,) 
undesirable. 
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mation of basic ions in ash in place of the official methods, giving 
special consideration to the time required and also to the accur-
acy of the results. Aliquots of a solution of calcium nitrate of 
known strength were mixed with a solution of disodic hydrogen 
phosphate and the phosphorus removed as phospho-molybdate. 
From the filtrate thus obtained, molybdenum was removed as 
sulfide according to directions given above. The calcium was 
precipitated as oxalate and ignited into oxide. Following are 
the results obtained under these conditions: 
With the exception of experiments 11 and 19, the results (}b-
tained are excellent and well within experimental errors. Ex-
periments 1 to 8 inclusive were filtered through Gooch crucibles, 
but because of the slow filtration, experiments 10 to 20 inclusive 
were filtered through Schleicher and Schiill blue ribbon ash10ss 
filters. This was a decided improvement for rapid filtration. 
In order to avoid correcting for the temperature of the soln-
tions of calcium nitrate used, which varies considerably during 
winter, in each series four aliquots of the same volume were 
drawn, and the calcium estimated as calcium oxide. This servcu 
as a standard for the particular series. 
The time required is much shorter than when the basic acetate 
method is used, three hours being sufficient to bring one series 
of six, each having one duplicate, to the condition where calcium 
is ready for precipitation as oxalate. 
'rhe accuracy of the results is entirely satisfactory. The fact 
that after the removal of molybdenum, an ideally prepared solu-
tion is obtained for basic analysis permitting a gravimetric esti-
mation of ferric iron, aluminum, manganese, calcium, magnesium 
and the alkalies makes this course of procedure in analysis pre-
ferable to that of basic acetate method. 
SUMMARY 
A more accurate method is proposed for the determination of 
calcium in the ash of agricultural products. It consists essen-
tially in removing the phosphorus as ammonium phosphomolyb-
date from an acid solution of the ash, and precipitation of cal-
cium from the filtrate as calcium oxalate, either directly or after 
the removal of the excess molybdenum as sulfide. Since no ad-
vantage was found in removing the molybdenum, it is recom-
mended that this step be omitted. 
A comparison of this method with the so-called basic acetate 
method in common use brings out the following points in its 
favor: 
1. It yields more accurate and concordant results than the baRic 
acetate method. 
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2. No attention need be given to the maintenance of exad 
neutrality of the solution. 
3. The volume of the filtrate resulting from the precipitation 
of phosphorus can be kept reasonably small, so that no evap· 
oration is necessary. 
4. The time required for the determination is greatly shortened. 
5. Phosphorus and calcium may be determined in the samo 
aliquot. 
